Diabetic retinopathy (DR) remains one of the most important diabetic microvascular complications and a leading cause of irreversible blindness, highlighting the importance of close monitoring. The atherosclerotic progression in patients with insulin resistance is precipitated by endothelial dysfunction and vascular impairment (1) . Therefore, we examined the association of endothelial dysfunction and arterial stiffness with DR and how these measurements can be used for the early identification and monitoring of patients at high risk to develop DR.
In this case-control study, we included 100 healthy control (CL) subjects and 200 consecutive subjects with type 2 diabetes recruited from the 1st Department of Ophthalmology of the University of Athens Medical School where they were referred to evaluate for DR. All participants underwent a complete ophthalmological examination by the same experienced ophthalmologist, which included fundoscopy after pupillary dilation, fluorescein angiography, and colorful fundus photographs. The diabetic patients, according to the Early Treatment Diabetic Retinopathy Study (ETDRS) classification, were categorized into three groups: 1) no DR (NDR) (108 subjects), 2) background DR (BDR) (78 subjects), and 3) proliferative DR (PDR) (14 subjects).
Endothelial function was evaluated by flow-mediated dilation (FMD) in the brachial artery, and carotid-femoral pulse wave velocity (PWV) and augmentation index (AIx) of the radial artery were measured to evaluate arterial stiffness and reflected waves, respectively, as previously described (2) . Several biochemical characteristics including HbA 1c were measured in the study population.
Subjects with PDR compared with BDR, NDR, and CL were older, had impaired creatinine clearance, were under insulin treatment more often, had longer duration of diabetes, had earlier onset of the disease, and had increased levels of HbA 1c (P , 0.001 for all).
Subjects with PDR compared with BDR, NDR, and CL had impaired FMD (3.38 6 1.23% vs. 3.58 6 1.24% vs. 5.71 6 1.92% vs. 7.54 6 3.06%, respectively, P , 0.001), PWV (10.18 6 1.86 m/s vs. 11.22 6 2.86 m/s vs. 9.16 6 1.97 m/s vs. 8.41 6 1.75 m/s, respectively, P , 0.001), and AIx (26.27 6 9.54% vs. 28.15 6 7.92% vs. 24.12 6 7.96% vs. 22.52 6 8.00%, respectively, P , 0.001), even after adjustment for multiple confounders such as age, sex, BMI, creatinine clearance, presence of hypertension, dyslipidemia, and smoking habits (P , 0.001) (Fig. 1) .
In diabetic subjects, multinomial logistic regression analysis after adjustment for the aforementioned confounders as well as for insulin treatment, duration of the disease, and HbA 1c revealed that impaired FMD was an independent predictor of both BDR (odds ratio 0.17, 95% CI 0.0820.38, P , 0.001) and PDR (0.30, 0.1020.85, P 5 0.03).
Among diabetic subjects, receiver operating characteristics analysis revealed that FMD has sufficient discriminate ability to detect PDR (area under the curve 0.72, 95% CI 0.5920.85, P 5 0.006). Importantly, the negative predictive value of an FMD above 3.22% was estimated at 82%.
Long-term diabetes causes structural and compositional changes and thickening of ocular basement membranes (3). Furthermore, in DR, retinal capillaries are functionally and anatomically incompetent and characterized by increased vascular permeability and impaired autoregulation of blood flow and vascular tone (4) . Microvascular disorders in retina, including DR, have been associated with cardiovascular disease (5), highlighting the close relationship of microvascular abnormalities with atherosclerosis.
In the current study, we found a significant association between DR and vascular dysfunction, indicating that these conditions coexist in diabetic patients. Importantly, the progression of the disease and the development of microvascular complications, such as PDR, were strongly associated with further deterioration of endothelial function and arterial stiffness. These findings highlight the importance of monitoring endothelial function in these patients to avert irreversible microvascular complications. Moreover, it provides further pathophysiological connections concerning the association of endothelial dysfunction and arterial wall impairment with atherosclerosis and complications of diabetes, which can be used to design and study new treatment in cases of DR. Finally, we documented the negative predictive value of endothelial function for the presence of ocular lesions in diabetic subjects. 
